Background: Testosterone level in men decreases with aging (andropause) and androgen deficiency is responsible for a variety of behavioral symptoms such as anxiety. The aim of this study was to investigate the effect of Pistacia atlantica (bane) fruit extract on anxiety-like behavior in intact and gonadectomized rats. Materials and Methods: In this study, adult male rats were divided into two groups of intact and gonadectomized rats. The rats were submitted to a chronic unpredictable stress (CUS) paradigm, and subdivided into treated or nontreated groups (100 mg/kg of bane extract orally daily for 20 days). Anxiety-like behavior was evaluated using the elevated plus maze (EPM) test. Results: Bane treatment increased the percentage of both time spent and entries in the open arms of EPM in intact and gonadectomized rats. Additionally, the effects of chronic stress were reversed by bane treatment; the percentages of entries and time spent in the open arms decreased in intact and gonadectomized chronically stressed rats. Conclusions: These results suggest that P. atlantica may have some anxiolytic-like properties in castrated and intact rats.
Introduction
Testosterone is an important male hormone that is responsible for many functions in the body, and low testosterone can affect physiological and biological functions. Testosterone levels in men begin to decline with aging at a gradual rate from the age of 30 (1) . This reduction in testosterone level (andropause) leads to diseases such as diabetes mellitus (2) and coronary atherosclerosis (3) . Furthermore, mood changes and difficulties associated with low testosterone include loss of the sense of well-being, irritability, nervousness, mood swings as well as depression and anxiety (4) . Mood and anxiety disorders demonstrate one of the largest health burden on society today; nevertheless, few new therapeutics have appeared in * the past two decades. Neuroimaging has indicated disorders in the limbic circuit in combination with the amygdala, prefrontal cortex, and hippocampus (5) . Metabolic syndromes may have a correlation with anxiety and depression, but its nature is unclear (6) . Among all behavioral parameters, anxiety is thought to be most sensitive to testosterone and this hormone is either endogenous or exogenous and has been reported to have anxiolytic effect in the elevated plus maze (EPM) test (7, 8) . In addition, gonadectomy (GDX) results in anxiety-like behavior in male rats and increased exhibition of signs of anxiety in open field test (OFT) and EPM test (8) . The genus Pistacia belongs to the Anacardiaceae family, and the most popular species of pistacia are Pistacia lentiscus, P. atlantica Desf., P. terebinthus L., P. vera L., and P. khinjuk Stock. The main habitat of the pistachio species is the Middle East, and three of them occur in Iran; P. vera L., P. khinjuk Stocks., and P. atlantica Desf. In traditional medicine, different parts of P. atlantica, including resin, bark, and fruit, have been used for their therapeutic effects, such as aphrodisiac activity and treatment of liver, kidney, heart, and respiratory system disorders, and wound healing (9) . This plant is a rich source of terpene and phytosterol. In Algeria, the fruits of P. atlantica have been traditionally used to reduce stress (10, 11) . Phytosterols and terpenoids are the main components of the root and stem of Eurycoma longifolia (12) . E. longifolia exhibited anxiolytic effects in behavioral test such as EPM and OFT similar to Diazepam (13). Bigoniya et al. found that E. thymifolia steroid showed marked anti-stress and anxiolytic effects (14) . However, no substantial work has been conducted on the anxiolytic effect of bane. Therefore, the present study has been designed to explore the anxiolytic activity of bane in intact animals and as a source of phytosterol in castrated rats under chronic stress.
Material and Methods
P. atlantica fruit was obtained from the Jabal Barez Mountain (Kerman, Iran), xylazine from Alfasan International (Woerden, Netherlands), ketamine from Alfasan International (Woerden, Netherlands), and 54 adult male Wistar rats (250-300 g) from the Animal Center of Shahid Bahonar University of Kerman. Preparation of the P. atlantica extract: The P. atlantica fruits were collected from the mountains of Jabal Barez of Kerman, in August 2014. Then, 400 gr of bane was washed with water, dried away from direct sunlight, and powdered using an electric mill. The resulting powder was dissolved in hydroalcoholic solvent (70 ethanol/30 water) for 48 hours and soaked and stirred using a magnetic stirrer, after which the resulting material was filtered and ethanol was evaporated in a rotary vacuum evaporator (15) . Male rats (250-300 g) were obtained from the Animal Center of Shahid Bahonar University of Kerman and were adapted to the laboratory conditions for 2 weeks before the experiments. The animals were randomly divided into 9 groups (n = 6) under standard conditions, with a temperature of 25 ± 1 °C, humidity of 50 ± 10%, and a 12 hour light/12 hour dark cycle.
The rats had free access to food and water. All experiments followed the ethical guidelines for investigation of experimental pain in animals (16) . Specific efforts were made to minimize animal suffering and to decrease the number of animals used in accordance with public health service policies. General experimental procedure: Before the GDX and chronic unpredictable stress (CUS) protocol, the animals were tested in the EPM to determine individual anxiety level. Subsequently, the groups were randomly assigned to one of the following experimental groups: Intact rat groups include: (1) Control (lack of exposure to stress or treatment with drugs) (2) Daily treatment with saline (3) Daily treatment with P. atlantica (100 mg/kg, 20 days) (4) Daily exposure to CUS (20 days) (5) Daily exposure to CUS and treatment with P. atlantica (100 mg/kg, 20 days) n = 6 per group Gonadectomized rat include: (6) GDX (lack of exposure to stress or treatment with drugs) (7) GDX and daily treatment with P. atlantica (100 mg/kg, 20 days). (8) GDX and daily exposure to CUS (20 days). JOHE, Summer 2014; 3(3) (9) GDX and daily exposure to CUS and treatment with P. atlantica (100 mg/kg, 20 days) n = 6 per group Rats were bilaterally castrated with ketamine (90 mg/kg) and xylazine (10 mg/kg) anesthesia. For operations, the scrotum and the underlying tunica were incised, the vasa deferentia were ligated, and the testes removed. Then, the scrotal wall was closed with sutures and animals were observed daily for signs of infection. Antibiotics were administered as needed. The rats were allowed to recover for 5 weeks, and then, gavaged for 20 days and exposed to CUS. For induction of chronic stress, the Xing Ma method was used with some modifications (17) . We used this protocol because it was used as an animal model to induce anxiety. This animal model of stress consists of chronic exposure to variable unpredictable stressors, none of which is sufficient alone to induce long-lasting effects. The stressors used varied and were applied in a different sequence each week to avoid any habituation ( Table 1) . Each animal was exposed to one stressor per day individually for a period of 20 days. On day 20 (60 minutes after oral administration), the rats were subjected to behavioral tests and sacrificed to assess changes in serum testosterone concentrations.
Evaluation of serum levels of testosterone in gonadectomized animals showed testosterone levels decreased approximately to zero level (data not shown).
Chronic stress day 20 behavior test surgery day 35
The EPM test apparatus consists of two open arms (50 × 10 cm) and two enclosed arms (50 × 10 × 40 cm) opposite each other at 50 cm above the floor. At the beginning of the test, the rat was placed in the center of the EPM and was then allowed to freely explore for 5 minutes. The testing room was quiet and lit with a dim red light. The number of arms entries and the amount of time spent in the open and closed arms were recorded for statistical analysis (18) .
All data were expressed as mean ± SEM. The significant differences among groups were analyzed using a one-way analysis of variance (ANOVA) followed by Tukey's test.
Results
There were no significant differences between control and saline groups. Therefore, the data from these two groups were averaged and used as the control group.
In intact rats, the chronic daily oral gavage with bane (100 mg/kg) increased the percentage of entries and time spent in the open arms (P < 0.050) (Figures 1 and 2 ) compared with the control group.
In intact rats subjected to CUS, there were significant decreases in the percentage of time spent (P < 0.050) ( Figure 1 ) and entries in the open arms (P < 0.001) ( Figure 2 ) compared with the control. However, this decrease was reversed by oral administration of bane through gavage. Thus, there was no difference in the percentage of time spent and entries in the open arms between rats treated with oral gavage of bane subjected to CUS and the control group (Figures 1 and 2 ).
Data are presented as mean ± SEM for each group of at least 6 rats *P < 0.050 indicates significant differences compared with the control group #P < 0.500 versus. Stress group
Figure 1: Effect of bane and chronic stress on the percentage of time in the open arms of the elevated plus maze in intact rats
Data are presented as mean ± SEM for each group of at least 6 rats *P < 0.050 indicates significant differences compared with the control group ##P < 0.010 vs. Stress group
Figure 2: Effect of bane and chronic stress on the percentage of entries in the open arms of the elevated plus maze in intact rats
Data are presented as mean ± SEM for each group of at least 6 rats *P < 0.050 indicates significant differences compared with the control group **P < 0.010 vs. control group G: Gonadectomy Data are presented as mean ± SEM for each group of at least 6 rats *P < 0.050 indicates significant differences compared with the control group ***P < 0.001 vs. control group G: Gonadectomy
Figure 4: Effect of gonadectomy on the percentage of entries in the open arms of the elevated plus maze
Animals that were subjected to CUS and received oral gavage of bane showed higher percentages of time spent (P < 0.050) ( Figure  1 ) and entries (P < 0.010) ( Figure 2 ) compared with rats subjected to CUS without gavage of bane.
In gonadectomized rats, the percentage of entries (P < 0.001) and time spent in the open arms of the EPM (P < 0.050) decreased compared with the control group (Figures 3  and 4 ). This decrease was reversed by oral gavage of bane. Thus, chronic daily oral gavage with bane (100 mg/kg) increased the percentage of time spent (P < 0.010) ( Figure 5 ) and entries (P < 0.050) ( Figure 6 ) in gonadectomized rats that received bane compared with the GDX group. Gonadectomized animals subjected to CUS showed lower percentage of time spent (P < 0.010) ( Figure 3 ) and entries (P < 0.001) ( Figure 4 ) compared with the control group.
Data are presented as mean ± SEM for each group of at least 6 rats *P < 0.050 indicates significant differences compared with the GDX group #P < 0.050 vs. G + Stress group G: Gonadectomy Gonadectomized rats that were subjected to CUS and received oral gavage of bane showed higher percentage of time spent (P < 0.050) ( Figure 5 ) and entries (P < 0.050) ( Figure 6 ) compared with gonadectomized rats subjected to CUS without oral gavage of bane.
Data are presented as mean ± SEM for each group of at least 6 rats *P < 0.050 indicates significant differences compared with the GDX group #P < 0.050 vs. G + Stress group G: Gonadectomy 
Discussion
Our research demonstrated that P. atlantica hydroalcoholic extract has an anxiolytic-like effect on intact and gonadectomized male rats subjected to CUS. The CUS model is similar to the environmental stressors that individuals experience in daily life (19) . In this study, we used CUS in gonadectomized rats, as an animal model of andropause, to study the effect of P. atlantica fruit extract.
To the authors' knowledge, it is the first time that the effects of the fruit of bane have been evaluated in an experimental model of anxiety.
The results of the present study show that the percentages of entries and time spent in the open arms of the EPM were decreased in rats subjected to CUS, which were significantly reversed by treatment with bane. Therefore, bane appears to have anxiolytic-like effects. Many terpenes are aromatic hydrocarbons, and thus, may have had a protective function (20) . Aromatherapy is currently used worldwide in the management of chronic pain, depression, anxiety, some cognitive disorders, insomnia, and stress-related disorders (21) . Furthermore α-pinene (aromatic compound) has an anxiolytic-like effect; therefore, the inhalation of α-pinene for 60 minutes results in a significant increase in the total distance traveled in the EPM test compared with the control group (22 The most abundant sterol reported in fruits of some pistachio species are, respectively, βsitosterol, campesterol, avenasterol, stigmasterol, brassicasterol, and cholesterol (26) . Incorporation of β-sitosterol into the membrane increases resistance to oxidative stress and lipid peroxidation thus indicating a considerable effect on neurodegenerative disorders like Alzheimer's disease (27) . The main components of P. atlantica fruit extract are monoterpene hydrocarbons such as β-myrcene (41.4%), α-Pinene (32.48%), and limonene (4.66%) (28) . The essential oil of Cananga odorata contain monoterpene hydrocarbons such as limonene, myrcene, and α-Pinene and is used in aromatherapy and is believed to be effective in treating depression, anxiety, and high blood pressure (29) . There are sterol compounds in fruits of P. vera, P. atlantica, P. lentiscus, and P. terebinthus, respectively, contain β-sitosterol, campesterol, Δ 5 -avenasterol, stigmasterol, brassicasterol, and cholesterol (26, 30, 31) . Hence, P. atlantica with important components such as terpene and phytosterol restores testosterone level that leads to reduced anxiety.
Conclusion
Testosterone level in men begins to decline with aging and some emotional difficulties such as anxiety are associated with low testosterone levels. Hormone replacement therapy (HRT) has been shown to be linked to an increased incidence of cancer. P. atlantica is a good source of terpenoids, phenolic compounds, fatty acids, and sterols. In traditional medicine, P. atlantica has been used for its aphrodisiac activity. The present study results showed that anxiety-like behavior were significantly reversed by treatment with P. atlantica. Thus, it can be concluded that P. atlantica, with its critical. components, plays a valuable role in reducing anxiety in the andropause period and even before it.
